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study must be regarded not only as of little importance in liberal
secondary education, but also as using time which should be
devoted to undoubtedly more important phases of zoological
study. But since the study of general anatomical structure is
important as giving a basis for other phases of zoological study,
therefore it is necessary that this much of. the morphological
course should be retained.
Within recent years there has been a reaction and a decided
-tendency toward abandoning many of the characteristic features
of the morphological course, and returning toward the old-time
natural history course. Such a course, as usually presented, has
little or nothing to do with the study of internal structures of ani-
-mals, and consequently there can be no scientific consideration of
the fundamental physiological processes. Emphasis is placed on
study of external form, classification, movements, habitats and life
histories of animals. Such studies of animal life and its relations
are especially valuable in preparation for college courses which
-are largely composed of those phases of zoology which have little
-concern with natural history.
^{To he continued.)
ELEMENTARY CHEMISTRY IN THE HIGH SCHOOL.
BY ALBERT S. PERKINS,
Teacher of Chemistry in the Dorchester High School, Boston.
Perhaps no department of knowledge, when considered upon
its informational and its disciplinary side, deserves a higher place
in the work of, the secondary school, of the college, and of the
graduate school than chemistry. For what knowledge is more im-
portant or interesting than that which deals with the constitution
of things and the laws which govern the unceasing changes in
matter ? On the other hand, a student of chemistry, as he tries to
master the great mass of detail, and to fix each fact in its proper
relation, finds his memory taxed quite as severely as when he
wrestles with Greek forms and syntax. Furthermore, as he at-
tempts to comprehend the hypotheses and theories of the science^
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he learns, perhaps for the first time, something about the import-
ance and power of imagination. Moreover, at every stage of
progress, our student finds his reason leading him through the
maze of unsound hypotheses and error to truth, the distant goal.
Surely no other study is better fitted to train the mind to think
the true end of education.
Chemistry as a science is young. In our American colleges
previous to the Revolution, it was an obscure and unimportant
part of Natural Philosophy. Moreover, Natural Philosophy it-
self, at this early day, was crude and unscientific, and bore little
resemblance to modern physics.
It was in the medical schools of the country, in connection
with Materia GVEedica, that the science first took root. Thus we
find chemistry taught by itself in the medical school of the Uni-
versity of Pennsylvania in 1768, in the Harvard Medical in 1782,
and at Dartmouth in 1798.
Princeton was the first academic college to award to chem-
istry the dignity of a separate chair, and in 1795 Dr. John Mac-
lean became the first professor of chemistry in an American
college.
From 1800 to 1845 the growth of scientific studies in the
United States was slow. During this period chemistry continued
to be taught as a part of a medical education, and in the colleges in
a half-hearted, unscientific way as information. Strangely enough,
during those years in which Davy and Faraday delivered their
lectures before the Royal Institution, and Liebig and Wohler were
conducting their historic researches, chemistry was taught in the
United States as a mere "bread and butter" study, with no recog-
nition of the value of original investigation as an educational in-
strument, and with no conception of the importance of individual
laboratory work by the pupil. Fortunately for our country, dur-
ing the latter part of this period the large number of American
students at the great German universities caught the spirit of sci-
entific research. The result was not the broadening of the college
curriculum by the addition of scientific studies, as we might have
expected, but the formation of separate scientific schools, which
for decades were looked upon as inferior to the older institutions.
In these schools pupils began to perform laboratory work,
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,and, in a crude way, it is true, to reason along scientific. lines.
About 1860 the value of scientific studies began to be recognized
in the academic colleges, and the last forty years have recorded
the continuous advance of scientific methods in all our higher in-
stitutions, until today the scientific spirit dominates the teaching
even of the old humanities themselves.
During this period of scientific growth the high school has
been incorporated into our public school system. Leaving the
preparation for college to the older academies, the public school
at first was intended only for those pupils not expecting to go
higher. Thus emphasis was laid upon mathematical and scientific
branches, rather than upon the so-called classical studies.
While occasionally a high-school graduate entered a scientific
school, and later, largely through the grace of the teacher, a few
others entered college, it was not until the colleges, only a few
years ago, recognized the so-called English studies as equal to
Greek and Latin in disciplinary power, that the high schools be-
came their chief feeders. From the start chemistry has been an
important study in the high-school curriculum. In the early
years the teaching may have been crude and unscientific, from the
modern standpoint, with very little laboratory work and with a
great deal of memory work from the text-book, but always with
full recognition of the importance of the science as a part of a
liberal education. As time went on laboratory work in chem-
istry became more and more common. Gradually, as new build-
ings were erected, the chemical laboratory was given a place, and
in the latter seventies and early eighties we find pupils in schools
still laying too great emphasis upon memory work, perhaps, but
also performing illustrative experiments in descriptive chemistry,
and recording their results. In some of the larger city high
schools there was also an advanced chemistry class, which often
did comprehensive and accurate work in qualitative analysis. So
thorough was the work in these two’ courses at this time that we
are not surprised to find the Boston Superintendent of Schools
in one of his annual reports referring to, it as fully up to the stand-
ard of the smaller colleges.




Harvard in its recent change in the requirements for admis-
sion had placed laboratory chemistry on a par with advanced
Latin and advanced Greek, and "Laboratory Practice/7 by Prof.
Cooke, was published, to indicate the kind of work which would
be acceptable to the college authorities.
Informational work of the Eliot and Storer or Shepard type,
which up to this time had prevailed in the high school, was placed
under the ban, and quantitative experiments, many of them long
and difficult, leading up to the theories and laws of the whole
field of chemistry, were substituted.
Unfortunately, the book was not the result of experience, so
that the first attempts to follow it in the high school were attended
with much difficulty.
Moreover, many of the high school teachers of chemistry had
not studied beyond qualitative analysis themselves, and conse-
quently did not understand the book. Besides, few of the exper-
iments could be performed in the time allotted to the laboratory
work, and if attempts were made to lengthen the period, the high-
school programme, always difficult to arrange satisfactorily, was
upset. Then finally, if the teacher had been thoroughly educated
in chemistry, and understood how to translate the spirit of the
book to the pupils, so’ that they could perform the experiments in-
telligently; and if he had succeeded in getting in his double pe-
riods for laboratory work without too serious a disturbance of
the programme, and without exciting alarm among his fellow-
teachers; if, I say, a high-school teacher of chemistry had suc-
ceeded in doing all this, thus giving Cooke’s "Laboratory Prac-
tice^ a fair trial, the result appeared to be a dismal failure. For
the pupils did not "get anywhere ;^ they did not "know any chem-
istry," as it was said. And I think that most high-school teachers
will agree that no study, however disciplinary it m^y be, deserves
a place in the high-school course of study which does not leave
some valuable information with the pupil.
Twelve years have done much to smooth down the ruffled feel-
ings caused by this book. Most chemistry teachers today are
agreed that there should be not a little descriptive work of the
Eliot and Storer type, to enable the pupil to understand what the
laws and hypotheses are all about. Moreover, in order that a true
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conception, and not what Herbert Spencer calls a symbolic con-
ception, of the theoretical side may be gained, there should be
quantitative experiments; and most important of all, the teacher
should be thoroughly educated in the science, so that the research
spirit should pervade the whole course. Fortunately, secondary
teachers in chemistry have been met in a cordial spirit by the col-
leges, and we have today as types of what our work should be
from the college standpoint, such excellent books as Dr. Torrey’s
"Studies in Chemistry" and Prof. Richards’ "Pamphlet," as it is
familiarly called.
The extraordinary growth in secondary education during the
last twenty-five years affords to us a faint conception of the dig-
nity to which the twentieth century high school is sure to attain.
Is it too much to expect that another quarter of a century will find
our public high school brought up .to the, standard of the German
gymnasium, perhaps displacing the college, which in the opinion
of many has no logical place in an educational system ?
With the extension of the elective system in the secondary
school, which is sure to come, the addition of two years to’ the
course would be a natural result, thus bringing the pupil to what
at present is the beginning of the junior year in college. Thus a
high-school graduate would be well prepared to begin his profes-
sional course, or if he chose to pursue his academic studies higher,
during the junior and senior college years he could do the work
now relegated to the graduate school.
Let us hope that throughout the whole of the twentieth cen-
tury, in a matter which concerns to such a degree the common
welfare, merit shall be recognized and political influence sh^ll
disappear.
In such a school, chemistry, from its very nature, will occupy
a prominent place, and will be emphasized upon its educational
rather than its informational side. The pupils, young men and
young women, will perform, in a well equipped laboratory, exper-
iments, partly quantitative and partly qualitative, covering the
whole field of the science. The teacher, a broad-minded man or
woman, very likely a doctor of philosophy, by individual instruc-
tion in the laboratory, by "quizzes" and by lectures, will lead the
class from one step to another, stopping not even at the law of
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mass action, nordare I say it ?at phase relationsthe research
spirit pervading every part of the work.
Once or twice a year, perhaps, in presenting a subject, the
teacher will draw his material from the original papers them-
selves. The pupils will at every stage of progress instinctively
feel that chemistry is not a dead mass of laws and formulae and
equations, but a science, fairly throbbing with life, whose marvel-
ous grow-th has been due to just those lines of thought which
they, themselves, have been pursuing.
DEVICES USEFUL ’FOR DEMONSTRATION PUR-
POSES*
BY E. L. NICHOLS.
Professor of Physics^ Cornell University.
I have often urged at these meetings the desirability of devot-
ing a portion of our time to the consideration of practical physics,
and it is for that reason, perhaps, that I have been asked to set
the example today.
The devices to be described are not altogether new, and they
are of a very simple nature. For their simplicity I have no apol-
ogy to offer, it being a first principle of experimental demonstra-
tion that the apparatus should be shorn of every unnecessary
feature which might distract the mind from the contemplation of
the phenomenon to be exhibited or bewilder the student in his at-
tempt to grasp the principle to be illustrated.
I.
An apparatus for showing in a semi-quantitative way the expan-
sionwf air at constant pressure.
In exhibiting the phenomenon of the expansion of gases by
heat it is desirable to afford the most direct possible ocular demon-
stration, not only that expansion occurs, but likewise to show
approximately how great that expansion is. The ordinary form
of air thermometer fails in the latter respect, because we are un-
*Abstract of a paper read before the State Science Teachers* Association,
Rochester. Dec. 28. 1900.
